Visitors' activities tend to be spatially oriented in destinations. Mental mapping is a useful method for revealing how visitors spatially perceive tourism destinations. However, studies of this kind are under-researched in the tourism field. Therefore, this study investigates the ways in which visitors spatially perceive the World Heritage Sites (WHSs) of Macau through the use of mental maps drawn by a sample of 400 respondents. Comparisons of the mental maps revealed that respondents possessed a relatively limited spatial knowledge of the WHSs, and this recognition varied according to the gender, place of origin, travel mode, type of trip, social interaction with local people, and length of stay. While the real life world of visitors was identified by mental mapping approach, some suggestions for formulating strategies is provided.
Introduction
A questionnaire-based quantitative approach tends to provide a limited understanding of visitors' real life experiences in tourism destinations because of pre-set nature of questions designed by the researchers, which often restricts respondents' freedom of expression (Becken, 2007; Batra, 2008; Wichasin, 2011; Yankholmes & Akyeampong, 2010) . According to Young (1999) , through mental mapping approach respondents can reveal their experiences, preferences, desires and knowledge without any restrictions, and without being led by the intentions of the researchers. Thereby, the limitations of questionnaire-based surveys might be overcome by the mental mapping approach.
Mental maps, as Jansen (2011) mentioned, can reveal the interaction between an individual and the surrounding environment, and are used for comparing, analysing, displaying and eliciting mental models, providing many interpretations of people's spatial perceptions (Eden, 2004) , giving respondents a chance to express themselves freely. The mental mapping approach can thus make up for the shortcomings of questionnaire surveys that impose a restriction on respondents'
expressions. In addition to understanding respondents' spatial perceptions, mental maps are helpful in understanding in which recreational opportunities tourists partake (Walmsley & Jenkins, 1992) , and thus can contribute to formulating tourism planning development and promotion (Fridgen, 1987) . Tourists' behaviours and experiences might be spatially oriented because their activities are mainly based in tourism destinations. Therefore, visitors' spatial perceptions of tourism destinations are very important for understanding visitor behaviour, enabling more effective management of tourism destinations.
Mental maps are defined as psychological representation of places revealed by simple paper and pencil or egocentric images of place of individuals based upon their interpretations of spatial attractiveness and their organization of spatial routines (Johnston et al., 2000) . Mental maps, therefore, have long been used as a tool for presenting perceptions of an individual or a group of individuals such as perception of the location of a residential area (Lee 1985; Kim 1978; Kim, N. H., 1987) , pupils' spatial perceptions (Kim, M. G., 1987; Choi 2008) , and perceptions of foreigners about specific destination (Lee & Shipton, 2009 ). According to Relph (1989) , mental maps can be analyzed theoretically in terms of behavioral perspectives. Thus mental maps have been one of the principal concepts of behavioural geography (Johnston et al. 2000) , providing insights into how visitors perceive destinations (Govers & Go 2005; Rivero, 2009; Lopes, 2011; Matei et al., 2001; Kai et al., 2008; Jansen, 2011; Ortigueira & Gómez-Selemeneva, 2011) . However, the mental mapping approach, even though it has many benefits in studying how tourists understand their environment and can analyze tourism phenomena such as attitudes, perceptions and behaviours, has rarely been utilized in the study of tourism. The need to fill the gap becomes marked when we observe a congestion phenomenon that diminishes the quality of tourists' experience and causes environmental degradation (Lee & Rii, 2016) . Therefore, in this study the authors focus on a spatial perception of World Heritage Sites (WHSs), aiming to present both a theoretical underpinning of mental maps as well as a grasp of their empirical modalities. Since most perception-related tourism studies that use a quantitative approach provide a limited understanding of visitors' spatial perceptions and real life world in tourism destinations, this study therefore considers the significance of the following issues: respondents' spatial perceptions revealed by mental maps and the factors which impact upon the spatial perceptions of the WHSs.
Mental Map

What is a mental map?
A mental map is defined as spatially organized preferences because it reflects individuals' spatial proclivities as for example the tendency for people to draw detailed mental maps of familiar places, omitting unfamiliar places (Johnston et al., 2000) . It is a useful tool for representing people's real life worlds because they can help to reveal people's memories, experiences and associations (Choi, 2008) . A mental map can also be described as a cognitive map, awareness space, action space or imaginary map as it can reveal the individual's imagining of an environment (Choi, 2008) . Unlike real maps, people's mental maps differ because people tend to draw what they know or where they know (Kim et al., 1999) , and thus mental maps are useful for understanding visitors' spatial behaviour and real life experiences in tourism destinations.
Which factors influence the mental maps?
According to previous studies, the accuracy and completeness of mental maps are influenced by various factors such as people's experiences (Walmsley & Jenkins, 1992; Brown & Broadway, 1981) , place of origin (Young, 1999) , type of trip (Young, 1999) , length of stay in an area, socioeconomic status, education, gender, age, and mode of travel (Moore, 1979; Brown & Broadway, 1981; Kim, N. H., 1987; Orleans, 1973) . For example, in terms of gender, the mental maps of males tend to reveal more composite views of destinations, while those of females have a tendency to show more detailed imagery of their immediate surroundings (Goodchild, 1974) . In the case of the latter, this may be because females have historically been spatially constrained due to their roles as mothers and housewives and the restrictions imposed upon them by parents and teachers (Brown & Broadway, 1981) . The mode of travel also affects the style of people's mental maps. For example, the mental maps of drivers tend to be closer to real maps than those of people who use passive modes, such as mass transit (Brown & Broadway, 1981; Young; 1999) . This study tries to explore the affecting factors of respondents' spatial perceptions in the case of Macau's WHSs using the mental mapping technique.
How are mental mapping data analysed?
According to Lynch (1960) , human beings see the environment as built surroundings comprising paths (passageways along which people move), edges (barriers that divide one area into different areas), districts (regions with an identifiable character), nodes (strategic points for travel) and landmarks (mechanical reference points). Previous studies have tested the five elements of Lynch to analyse the image of destinations (Lee, 1980; Young; 1999; Lee & Shipton, 2009 ). Together, these elements can reveal a city's image (Lynch, 1960) and can provide the unit of analysis of the mental maps drawn (Knox & Marston 2004) . This study therefore adopted Lynch's approach in the context of Macau's WHSs. Mental maps usually comprise two distinctive styles: the first is a free-hand style called the Lynchian-style (Lynch, 1960) , whilst the second involves ranking items and it called the Gouldian-style (Gould, 2000) . This study used Lynchian-style, free-hand drawn maps because this technique helps to minimize the influence of the researchers' subjectivity (Pocock, 1978) .
What are the limitations of the mental mapping approach?
The literature on the mental mapping approach generally agrees that mental mapping is a useful means for understanding individual perceptions (Moore et al., 1998; Matei et al., 2001 ). However, despite its usefulness, the mental mapping approach is not without its critics. It has been argued, for example, that the constructs of a mental map cannot be assumed to relate explicitly to an individual's behaviour and that the landscape is often overlooked as the focal point of drawn images (Jackson & Smith, 1984) . Furthermore, the information in a mental map represents a simplified version of reality that is distorted because it has been filtered several times; it also reflects the limitations of the available information (Knox & Marston, 2004) . In addition, it is impossible to have a complete cognitive image of a destination because the image may be perceived differently depending on the individual's mental state (Jenkins & Walmsey, 1993) . In other words, people tend to filter out important information and places, consciously or unconsciously, if the information does not fit with what they know. Accordingly, respondents who are more familiar with the surrounding environment generate more detailed mental maps (Golledge & Stimson, 2007) , indicating that visitors who are more familiar with the WHSs might be able to create mental maps of them that are similar to real maps.
Applications of mental maps in tourism research
Since a picture is worth a thousand words (Pizam & Mansfeld, 1999) , mental mapping, as one of the principal concepts of behavioural geography (Johnston et al. 2000) , is a useful technique for analyzing, representing and identifying perceptions with many interpretations (Eden, 2004; Xiang & Formica, 2007) . However, the scope tends to be limited to the general field of tourism.
Mental mapping, which can be defined as cognitive mapping (Choi, 2008) , has been used to examine visitors' understandings of destinations in the tourism field (Walmsley & Jenkins, 1991 , 1992 Jenkins & Walmsley, 1993; Young, 1999; Lankford et al., 2005) ; to elicit perceptions of industry executives (Costa & Teare, 2000; Xiang & Formica, 2007) ; to formulate tourism strategies (Hay & Yeoman, 2005; Copland, Garnham & Canava, 2004) ; and to examine complexity in tourism policies (Farsari, Butler, & Szivas, 2011) . Therefore, this study applies the mental mapping technique to provide a better understanding of real life world of visitors to Macau's World Cultural Heritage Sites and to reframe its contribution to tourism research.
Study methods
As discussed above, the use of a questionnaire may carry implicit bias as it may restrict respondents' freedom of expression in accordance with the outlook of the researchers. In order to address this problem when studying the Macau WHS, the authors combined two approaches: a questionnaire survey approach and a mental mapping analysis. What should also be noted is that the authors are aware of reservations concerning the use of multi-methods to increase he validity of findings and have factored them into this study (Clark, Riley, Wilkie and Wood, 1998) The survey questionnaire consisted of two parts. The first part of survey questionnaire was developed to measure the variables affecting visitors' spatial perceptions, consisting of two subsections: the first sub-section was devoted to socio-demographic data such as gender, age, place of origin, academic year; the second concerned with social interaction with local residents, travel mode, type of trip, visiting times, and length of residence based on previous studies (Walmsley & Jenkins, 1992; Brown & Broadway, 1981; Moore, 1979; Kim, N. H., 1987; Orleans, 1973; Young, 1999) .
The second part of the questionnaire asked respondents to draw a mental map of the WHSs of Macau as a free-hand map in the Lynchian style (Lynch 1960; Young 1999) . These mental maps were drawn to illustrate the respondents' spatial knowledge, experience and preferences concerning the various parts of the WHS of Macau. Most respondents spent 45 minutes drawing their mental maps and filling out the questionnaire. Respondents were not influenced by any existing maps such as a paper maps or electronic maps or by other individuals while drawing their images under the supervision of four trained research assistants. When drawing mental maps, a sheet of A4-paper with a brief introduction and explanation on how to draw a sketch map of the WHSs of Macau at the top and blank space on the rest of the page was provided.
The results of pre-test as a part of preparatory work of this research were used to modify the questionnaire and to ensure its validity and reliability. The pilot survey was conducted in the Macau University of Science and Technology in March, 2013. Forty questionnaires were sent out and 36 valid responses were received. After the pre-test, the above two parts of questionnaire were modified and finalized, reflecting the problems suggested by respondents. A revised version of questionnaire was drawn up in English and in traditional Chinese characters (the official text of Macau) using back translation to ensure that the versions were consistent in terms of meaning.
Regarding the sampling, most mental maps in related studies tend to collect data from students (Kim, 1978; Lee, 1985; Kim N. H., 1987; Kim, M. G., 1987; Choi, 2008) because the active cooperation of respondents is required in order to get access to visitor's representations via the use of mental mapping (Dellaert et al., 2013) . Thus, the target group for this research consisted of university level students who had taken an excursion to the WHSs of Macau because it was very difficult for other target groups of visitors to draw mental maps on the crowded streets of the Macau's WHSs. In selecting the respondents, the quota sampling was based on the percentage of different universities' students. The authors divided the target sample of this paper into five Table 1 here*** Table 1 . The proportion of students in the universities of Macau All collected data from the questionnaire survey and mental mapping were transferred to a SPSS 22.0 document for detailed analyses. Since the five basic coding categories of Lynch (1960) are traditionally used as initial organizational units for coding map content (Young, 1999) , the mental mapping data were classified and coded based on the five categories of Lynch (1960) such as paths (streets along which most visitors move), nodes (strategic points for travelling such as the intersection of streets), edges (barriers between WHS and commercial area), districts (regions with an identifiable character, i.e. Central Business District and WHS), and landmarks (mechanical reference points such as the historical buildings of the WHSs of Macau). Coding was created using the mental map data following the five categories, but spatial distortions of drawn elements such as location and direction were also checked and counted. Because the use of such rich information from mental maps raises reliability issues when coded (Young, 1999) , the data were quantified by double checking for establishing inner-coder reliability (Dooley, 1984, p. 62; Tinsley & Weiss, 1975, p. 359) . The outcomes of the mental maps and questionnaires were linked in a quantitative way to test the variables influencing spatial perceptions of the WHSs in Macau.
The statistical approaches used comprised descriptive analysis, inter-coder reliability analysis, chi-square test, and multivariate analysis of variance (MANOVA). The Cronbach's alpha coefficient for the goodness of fit, number of paths, number of edges, number of landmarks, number of districts, and number of nodes was 0.760, and for the number of distortions of direction and location was 0.990, indicating that the data possessed an acceptable level of reliability (Nou, 2001 ). 
Results
Characteristic of the respondents
The data were obtained from a sample of 400 people who completed the mental mapping exercise with a slight bias in favor of females. The majority (62.0%) originated in Mainland China and had come to study in Macau and only 37 percent reported residing in Macau on a permanent basis.
About 40 percent of a sample identified themselves as post-graduate students while the rest were undergraduates. Regarding their mode of travel, 74.5 percent of respondents stated that they were passengers on public transport. The overwhelming majority of the sample (81.8%) reported having interacted with local people, and over half of the sample (58.5%) stated they had visited the WHSs of Macau more than five times. The length of stay in Macau varied considerably with the two major sections of the sample reported either being in Macau for only one year or less (34.8%) or living there for over five years (48.1%). *****Please place Table 2 here***** Table 2 . The demographic profile of the respondents
The effects of independent factors on mental map content
Since a multivariate analysis of variance (MANOVA) is useful for analyzing variations in map complexity and detail among the main independent variables (Young, 1999) , a MANOVA was chosen to assess the effects of independent factors on mental maps elements such as paths, nodes, districts, edges and landmarks. As shown in Table 3 , the mental maps elements drawn by the respondents were statistically correlated with social interaction with local residents and length of residence. For example, those who had partaken in social experiences with local people tended to be more spatially orientated in terms of the recognition of nodes, districts and landmarks. The respondents who had contact with local people while travelling the WHSs had a superior spatial memory to recall such mental map elements, meaning contact with local people might help enlarge the spatial awareness of respondents in the WHSs. The length of residence in Macau had an effect on the number of paths. Respondents who stayed in Macau for one year tended to recognize the paths of Macau's WHSs more clearly than those of visitors with a longer length of residence. This tendency is at odds with previous studies, which found that visitors with longer stays have more spatial knowledge of destinations (Moore, 1979; Brown & Broadway, 1981; Kim, M. G., 1987; Orleans, 1973) . It may be that visitors who have lived in Macau for one year have adopted an exploratory mode that is somewhat akin to tourists, whereas those who lived there longer may have become indifferent and less like tourists and were therefore less able to recall paths.
The MANOVA design also explored the two-way interactions between every single pairwise combination of independent variables (Young, 1999) . For example, female respondents who had contact with local people while travelling the WHSs tended to have more spatial knowledge in recognizing the paths, nodes and landmarks more than male respondents (F = 1.859, p < .05). The mean score on the number of paths (F = 3.321, p < .05), nodes (F = 3.496, p < .05) and landmarks (F = 7.635, p < .05) drawn were significantly higher for female respondents than for male ones. This result is not line with McGurnness and Sparks (1979) who found that females tend to recall fewer paths than males. As this sample comprised students, it may reflect the fact that females have a tendency to obtain better results at school than males. With the exception of the age group 29-39, only a small proportion (2.1%) of most age groups who had social interaction with local people tended to recall more edges than those of age groups who had no social experience with residents ( Figure 4 ). This means that the social contact between visitors and residents may contribute to enlarging visitors' spatial knowledge and tourist space. *****Please place Table 3 here***** Table 3 . The effects of independent variables on mental maps elements
The effects of independent factors on spatial distortion
In order to understand the relationship between the spatial distortion of direction and the independent variables, chi-square analysis tests were employed. As shown in Table 4 , there was a statistically significant relationship between the spatial distortion of direction and the independent variables such as gender, place of origin, and travel mode (driver and passenger), social interaction with local people, type of trip and length of residence. It is noteworthy that female respondents (n=134, 63.2%) had a tendency to distort the directions when they drew the WHSs of Macau more than male respondents (n=78, 36.8%) as shown in Map 1. This might be in line with Pocock (1978) who emphasized that males tend to recognize the pattern of roads more than females. In addition, the respondents who came from Mainland China (n=160, 75.5%) tended to distort the direction more than the respondents born in Macau (n=50, 23.6%), indicating local respondents are either more spatially oriented than mainlanders or are simply more familiar with their environment are either. This result is likely to be in line with those of previous studies, which found that local visitors have more spatial knowledge than non-local visitors (Young, 1999; Walmsley & Jenkins, 1992; Prentice & Andersen, 2000; Hunter & Suh, 2007) . *****Please place Table 4 here***** Table 4 . The effects of independent factors on the spatial distortion of direction *****Please place Map 1 here***** Map 1. Spatial distortion: Gender difference Note: Male visitors tend to recognize the direction of WHSs exactly. Female visitors distort the direction, revealing the direction of North as the South.
The chi-square analyses were also used to investigate the association between the spatial distortion of location and the independent variables. According to the results, there was a statistically significant relationship between the spatial distortion of location and the independent variables such as gender, place of origin, travel mode, social interaction with local people, type of trip, and length of residence. For example, female respondents (n=134, 62.6%) had a tendency to distort the locations of the WHSs of Macau when they drew it more than male respondents (n=80, 37.4%). With regard to mode of travel, passengers (n=168, 84.0%) using bus or foot had a tendency to distort more locations than drivers (n=32, 15.0%). This result is likely to be in line with Young (1999) who insisted that drivers were engaged in a way-finding tasks and were consequently more spatially oriented than passengers. The length of residence in Macau might be also an influencing factor on spatial perceptions based on this result. The respondents who stayed in Macau for one year (n=88, 41.4 %) were more apt to distort the locations of the WHSs of Macau than those who had stayed for two years (n=8, 3.7%) or three years (n=21, 9.8%) relatively. *****Please place Table 5 here***** Table 5 . The effects of independent factors on the spatial distortion of location
Tourist space revealed by mental maps
The hand-drawn mental maps provide an insight into the tourist vision of the WHSs of Macau.
Significantly, the landmarks selected by the respondents tended to focus on Macau's heritage attractions, the most frequently mentioned being the Ruins of St. Paul's (33.4%), the A-Ma Temple (14.2%), and the Mount Fortress (10.8%). This finding would appear to indicate that respondents' tourism activities were mainly concentrated on only 3 locations among the 25 locations shown in Table 6 . What is especially noteworthy is that by the 21 st century the Ruins of St. Paul's had become, among all 25 locations listed, a kind of symbolic altar of Macau, its premier cultural heritage attraction (Dewar, du Cros & Li, 2012) . As a result, the Ruins of St. Paul's have been chosen by many respondents as their major attraction. Not only this attraction relates closely to the religious and cultural history of Macau, but it is also very well signposted and readily accessible.
However, it is difficult on the basis of this study to ascertain how deeply these respondents engaged We can therefore summarize that it is these three destinations that leave the greatest impression on visitors, possibly because they are the best signposted and have the highest 'must see' quality. As has been indicated by other studies (du Cros, 2009; Io, 2011; Lee & Rii, 2016) , visitors often stay no longer than two hours at the WHSs of Macau mostly visiting the Ruins of St. Paul's, the Mount
Fortress and the A-Ma temple, but this may not be due to a lack of interest but to a lack of facilities such as benches to enable them to rest. The climate of Macau may also be a factor since visitors may not wish to linger long in the humid climate or be exposed to strong sunlight. *****Please place Table 6 here***** Table 6 . Frequency analysis of drawn landmarks in mental maps
Conclusion
Tourists' activities and behaviours tend to be spatially oriented in tourism destinations. However, the tourism studies on visitors' spatial perceptions are limited. Thus this study proposed mental maps as the product both of immediate sensation and of memory of past experience, which are used to interpret information and to guide action (Lynch, 1960) and provide insight in spatial learning and the structure and composition of tourism destination experiences (Young, 1999) .
Since most tourism studies are likely to provide a limited understanding of visitors' spatial perceptions, two research issues were identified to present both theoretical support for mental maps and an understanding of their empirical relevance in heritage sites such as Macau. The first research issue was: "How do the mental maps reveal respondents' spatial perceptions?" According the results, most of the historical sites in the WHSs of Macau are under-used and only three attractions are over-used by visitors. There is the risk that these sites will remain overcrowded, unless ways of directing visitors to other sites with promotion of the under-used attractions are explored by the authorities of Macau. However, as three of the sites are so iconic, it is hard to see how some overcrowding can be avoided. As this results indicated, the mental mapping technique is useful to reveal respondents' real tourist space in tourism destinations, avoiding researcher influence on map creation (Young, 1999) . The mental mapping data of this study revealed respondents' real life worlds relating to the Macau WHSs, focusing on the three locations.
Therefore the mental mapping approach may provide insight for understanding which tourism opportunities visitors partake in (Walmsley & Jenkins, 1992 In terms of the mental map style, the spatial distortion of respondents tend to be associated with the independent variables such as gender, place of origin, and travel mode (driver and passenger), social interaction with local people, type of trip and length of residence. Regarding gender, it is notable that female respondents had a tendency to distort the directions and locations when they drew the WHSs of Macau more than male respondents, possibly meaning that male visitors are more spatially oriented than female visitors (Goodchild, 1974; Brown & Broadway, 1981 (Io, 2011) , passengers tend to distort more directions and locations than drivers. This result is supported by Young (1999) , who indicated that drivers tend to be engaged in a way-finding tasks and have more environmental knowledge than passengers, providing an indication of the effectiveness of passenger management strategies rather than driver management in the small-scale WHSs.
In conclusion, mental maps give a chance to respondents in order that they express their real life world in tourism destinations, providing useful information towards visitors' experiences and behaviours. However, its application to tourism research is limited. Accordingly, this study was designed to enlarge the concepts of mental maps to tourism destinations, applying its concepts to the WHSs of Macau. Based on the results of this study, respondents' tend to express their familiar places through mental maps. Therefore the mental mapping approach might be useful to formulate tourism strategies (Hay & Yeoman, 2005; Copland, Garnham & Canava, 2004 ) and contribute to more effective tourism planning development and promotion (Fridgen, 1987) , since it gives a fairly reliable insight into the spatial knowledge of visitors. This present study dealt with the affecting variables with the sample, providing opportunity in order to know visitors' real life world in tourism destination. The image of WHSs by the mental mapping is not solely the result of external characteristics but is a product of the respondents. Thus as Lynch (1960) said, it would be possible to improve the image quality by education. Therefore, future studies could be conducted on the ways by which one can teach visitors to be well spatially oriented to their visiting WHSs, considering the reasons of the lack of understanding of the WHSs image as a total field. In addition, regarding the sampling for mental map data, there still exist limitations in the target sample consisted of university level students who took an excursion in the WHSs of Macau because the active participation of respondents and articulate volunteers are needed to draw the mental maps (Lynch, 1960; Dellaert et al., 2013) . Thus, future research is required to be extended the range of visitors who visit a sensitive tourism destination influenced by tourists' behaviours, considering the inducement of visitors' active cooperation.
